The original hypothesis of Russell Meyers (1942) that destruction of the pallidofugal fibres would relieve tremor and rigidity in parkinsonism has now been largely accepted. His original openoperative transventricular approach, inserting a coagulating electrode into the globus pallidus through the lateral wall of the third ventricle was, however, a formidable and hazardous procedure. It was followed by the sub-frontal route of Fenelon & Thiebaut (1950), in which the electrode is inserted upwards into the lobus pallidus above the posterior part of the optic tract. This was a marked advance in surgical therapy and later Guiot & Brion (1953) published a series of cases treated in this way with good results. Nevertheless, open-operative surgery, carried out of necessity under local anesthesia, is exacting for the patient, and other methods, including sterotaxic surgery, were being explored with promise.
Stereotaxic Surgery in Neurological Disease
Stereotaxic Surgery in Parkinsonism by F John Gillingham MBE MB FRCS (Edinburgh) The original hypothesis of Russell Meyers (1942) that destruction of the pallidofugal fibres would relieve tremor and rigidity in parkinsonism has now been largely accepted. His original openoperative transventricular approach, inserting a coagulating electrode into the globus pallidus through the lateral wall of the third ventricle was, however, a formidable and hazardous procedure. It was followed by the sub-frontal route of Fenelon & Thiebaut (1950) , in which the electrode is inserted upwards into the lobus pallidus above the posterior part of the optic tract. This was a marked advance in surgical therapy and later Guiot & Brion (1953) published a series of cases treated in this way with good results. Nevertheless, open-operative surgery, carried out of necessity under local anesthesia, is exacting for the patient, and other methods, including sterotaxic surgery, were being explored with promise.
During the latter half of the nineteenth century physiologists were investigating cerebral and spinal function in animals by means of small destructive lesions, the knife being guided by a simple directing sterotaxic apparatus which by 1920 had been developed to a considerable degree of precision by Horsley and Clark. In 1947 Spiegel et al. published their paper on the use of stereotaxic apparatus in man for the treatment of psychiatric disorders, and it was modelled closely on that of Horsley and Clark. Now, thirteen years later, many different types of apparatus have been developed, some complex, others simple. Nevertheless, for the localization of the invisible deep ganglia of the brain, all of them rely on the visualization of neighbouring structures which bear a reasonably constant relationship to them. These, namely the anterior and posterior commissures, are shown either by air encephalography or positive contrast Myodil ventriculography or a combination of the two.
The study and evolution of the surgical treatment of parkinsonism in Edinburgh began in March 1955 by a team made up of a neurosurgeon, neurologist, radiologist and psychologist. From it we have been able to determine, over a period of five-and-a-half years, the effect of electrocoagulation lesions in the globus pallidus, internal capsule, and thalamus, separately or in combination. Each patient was systematically assessed by the team before, during, and after operation, with an extended follow-up. The site and extent of the lesions made were calculated from operative and post-operative X-ray studies and plotted on stereotaxic anatomical charts. Thus the clinical results and any side-effects have been correlated with the site and size of the lesions.
In all 131 patients have been treated in this way in five and a half years, 28 bilaterally. The first 60 patients were unselected but for an upper age limit of 65, and a detailed assessment of the results has been reported elsewhere (Gillingham et al. 1960) . In the last 71 there has been limited selection in that we rejected those who were bedor chair-ridden and those who showed a marked degree of akinesis or mental deterioration. The upper age limit of 65 was retained.
The stereotaxic procedure used was that of Guiot (1958) with elaboration of the original apparatus and its method of application. We were impressed by its accuracy and relative simplicity in use, and that a thalamic, capsular or pallidal lesion could be made separately or in combination with only one track of the electrode. Many patients with parkinsonism are easily exhausted and tolerate long operations poorly. In our experience the sitting-up position is complicated in older and very disabled patients by a serious tendency to hypotension. Consequently the technique was modified early on so that operation was carried out in the prone position, and there have been no such difficulties since. It is important to have the patient's full co-operation during operation so that the results of low voltage bipolar stimulation and of small reversible lesions, together with any side-effects, may be observed. We have, therefore, favoured local anesthesia rather than light general anisthesia and subsequent waking of the patient during the procedure. Comfort of the patient is essential and one of the advantages of the Guiot apparatus is that the head is not immobilized (Fig 1) . The lesions were made by electrocoagulation using standard diathermy apparatus, aiming to create an accurately placed lesion as small as would be compatible with maintained relief of symptoms. Autopsy studies in 4 cases (Maloney 1959) have shown that the lesions are discrete and well sited, apart from one early in the series. They were variously sited. In the first group, they were made between 17 mm and 15 mm from the mid-line in the globus pallidus and adjacent internal capsule. Reappearance of rest-tremor, although rigidity remained absent and facility was maintained, made us consider the use of the thalamic lesion suggested by Hassler (1957) for the relief of tremor. Consequently lesions were made in the ventrolateral nucleus of the thalamus next to the capsule. Follow-up showed that tremor was better controlled but rigidity in these patients tended to recur. As a result in a third group combined ipsilateral lesions were made in the thalamus and globus pallidus adjacent to the capsule. This method seemed to be the most effective of all for relief of tremor and rigidity in the contralateral limbs and improvement of general condition. We were impressed that most of these lesions encroached upon the internal capsule to a greater or less extent, and in our last 22 patients the lesion has been deliberately sited in the posterior limb of the internal capsule between the thalamus and globus pallidus (Fig 2) . Marion Smith (1960) has shown in a series of autopsy studies that some effective operative lesions, although misplaced, encroach upon or actually involve the internal Itt . capsule, yet may not create significant neurological deficit. Completeness of relief in our patients was considered to be due to strategic and effective interruption of the thalamo-pallidal connections, that is the two major groups of pallidofugal fibres, the ansa lenticularis and-the fasciculus lenticularis, and of the wider connexions of these ganglia with the reticular formation, subthalamic nucleus, cerebellum and red nucleus. Is, then, the most effective point ofinterruption of these fibres in the posterior limb of the internal capsule? Almost all our patients have shown some improvement, some dramatically. The degree and duration of improvement seems to be dependent upon an accurately sited lesion of adequate size, and upon the degree of severity of the symptoms and the rapidity of the patient's deterioration at the time of operation. About 90% of this group of 131 patients have had tremor or rigidity significantly reduced or abolished. Morbidity has been reduced as compared with that in the initial series of 60 patients, and there was still no immediate mortality from operation. Six patients died between three and fifteen months of operation; one from coronary thrombosis, one from bronchopneumonia, one from the effects of ventricular haemorrhage at operation, one from, suicide, one from the uncontrolled progress of the disease and one from an undetermined cause. I have. purposely spoken of improvement, for there are some symptoms which we find difficult to eliminate, more particularly the festinant type of gait, the reduced voice volume, excessive salivation and oculogyric crises. It is of the utmost importance to point out to our patientsand their relatives what we nmay be able to achieve. Nevertheless we can help them, sometimes a great deal and sometimes surprisingly so. Some report a complete relief of intractable pain from muscular rigidity often diagnosed as rheumatism, sacro-iliac strain, or lumbar disc protrusion; others the abolition of transient disturbances of consciousness, and some the restoration of concentration.
There has always been the fear that bilateral pallidal or thalamic lesions cannot be achieved without serious morbidity, mnainly affective in type. In our 28 patients treated bilaterallysome with bilateral lesions in the pallidum or thalamus -14 no serious or permanent deficits have followed except in two early cases in the series, both with large lesions inaccurately placed. Most of these patients had an interval of three to six months between their operations. However in one, because of severe intractable pain from rigidity, bilateral lesions of the pallidum were made within ten days of each other. He was dramatically improved and showed no deficits. From a chair life, he was able to walk and became almost fully independent. It is now our practice to decrease the time between bilateral capsular operations. Originally six months, it is now one month in some cases and in some of these patients festination appears to be improved more than hitherto, and in some the frequency of oculogyric crises has been reduced.
It seems possible, by creating small strategically placed lesions, to perform bilateral operations on the pallidum or thalamus with less morbidity than was at first feared. However, we must review this group of patients carefully over a long time before firm conclusions can be reached. Bilateral procedures cannot be considered in those patients who show widespread effects of their disease.
Finally, the question which poses itself above all otherscan we slow the speed of deterioration or even halt this relentlessly progressive disease? There seems to be some evidence after five-and-ahalf years that we may be able to do so. Are we then dealing with a 'firing' lesion similar to that in epilepsy? We know that the successful excision of an epileptogenic focus not only relieves epilepsy but improves deteriorating affect and intellectual performance (e.g. hemispherectomy in infantile hemiplegia with intractable epilepsy and behaviour disorder). If patients with parkinsonism are treated adequately and early enough by surgery, although we may not yet be able to destroy the unknown source of the abnormal electrical impulses, we may be able to block them strategically. Thus we may prevent the widespread effects of the disease and slow or even halt its progression.
Stereotaxic surgery as a therapeutic weapon has undoubtedly much to offer, and its potential in the field of investigation of the underlying pathological processes involved in parkinsonism and other dyskinesias and in the furtherance of understanding of human neurophysiology is great.
Stereotaxic Surgery and Involumtary Movement by I R McCaul MB FRFPs (London)
Most of the stereotaxic procedures which I have undertaken during the past five years have been for relief of the rigidity and tremor of parkinsonism. I have a small series of 10 cases in which a similar procedure has been carried out for other types of involuntary movement. This series is a small one but I hope that my experiences, added to those of others, will help to broaden the field of stereotaxic surgery.
At the present time, practically all w ho practise stereotaxis in man identify the appropriate part of the brain by reference to recognizable points on the wall of the ventricular system, outlinedat least in parton a radiograph, by alr or p&sitive contrast. From such landmarks a target is plotted on an X-ray film. The first stage of the operation has now been completed. If there is to be an ultimate error in localization, this may already have been made. Various types ofmechanical aid enable the second stage to be carried out with perhaps greater or less facility, but it should be noted that stereotaxic instruments do no more than allow a cannula or electrode to be directed into the brain in such a way that the tip, if a further radiograph is taken, is found accurately to coincide with the pre-determined target.
The final stage, that of making a discrete destructive lesion in the brain, is preceded in some cases by an attempt to check the assumption that the radiological and anatomical targets are identical. Such are the fundamental steps in stereotaxic operations. Each step may be achieved by different surgeons in different ways, but the potential error in plotting the target always remains.
My own technique has been described in detail elsewhere (McCaul 1959) and I propose, therefore, to present merely an outline stressing only certain features which bear on operative intervention in some of the dyskinesias.
